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Abstract Institutional Animal Care and Use Com-
mittee’s (IACUCs) serve an important role in ensuring
that ethical practices are used by researchers working
with vertebrate taxa including fish. With a growing
number of researchers working on fish in the field and
expanding mandates of IACUCs to regulate field
work, there is potential for interactions between
aquatic biologists and IACUCs to result in unexpected
challenges and misunderstandings. Here we raise a
number of issues often encountered by researchers
and suggest that they should be taken into consider-
ation by IACUCs when dealing with projects that
entail the examination of fish in their natural envi-
ronment or other field settings. We present these
perspectives as ten practical realities along with their
implications for establishing IACUC protocols. The
ten realities are: (1) fish are diverse; (2) scientific
collection permit regulations may conflict with
IACUC policies; (3) stakeholder credibility and
engagement may constrain what is possible; (4) more
(sample size) is sometimes better; (5) anesthesia is not
always needed or possible; (6) drugs such as anal-
gesics and antibiotics should be prescribed with care;
(7) field work is inherently dynamic; (8) wild fish are
wild; (9) individuals are different, and (10) fish
capture, handling, and retention are often constrained
by logistics. These realities do not imply ignorance on
the part of IACUCs, but simply different training and
experiences that make it difficult for one to understand
what happens outside of the lab where fish are
captured and not ordered/purchased/reared, where
there are engaged stakeholders, and where there is
immense diversity (in size, morphology, behaviour,
life-history, physiological tolerances) such that devel-
opment of rigid protocols or extrapolation from one
species (or life-stage, sex, size class, etc.) to another is
difficult. We recognize that underlying these issues is
a need for greater collaboration between IACUC
members (including veterinary professionals) and
field researchers which would provide more reasoned,
rational and useful guidance to improve or maintain
the welfare status of fishes used in field research while
enabling researchers to pursue fundamental and
applied questions related to the biology of fish in the
field. As such, we hope that these considerations will
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be widely shared with the IACUCs of concerned
researchers.
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Introduction
Institutional Animal Use and Care Committees
(IACUCs; also known as ethics review and animal
care committees in some jurisdictions) serve a vital
role in scientific research. Early efforts of IACUCs
focused primarily on research involving mammals at
academic institutions, whether in on-campus holding
facilities or at agriculturally-oriented research facili-
ties like experimental farms. As a result, the theory
underlying IACUC activities largely grew out of
veterinary practices and principles that were developed
for husbandry of mammals, particularly companion
and farm animals (Broom 2011). Today, IACUCs are
tasked with ensuring compliance with local, regional
and national guidelines as they engage with research-
ers. Research activities span the laboratory-field realm
and can involve cultured, domesticated and wild
animals representing a diverse range of primarily
vertebrate taxa including rodents, birds, reptiles, fishes
and even some invertebrates (cephalopods, decapods).
Yet, the many fundamental differences between lab-
oratory- or campus-based biomedical and/or agricul-
tural research and field studies on wild animals may be
largely unaddressed or ignored (Sikes and Paul 2013).
This issue has received significant attention in
recent years (but see Orlans 1988), particularly with
respect to the application of IACUC principles to
research involving wild animals in field settings
(Curzer et al. 2013; Wallace and Curzer 2013;
McMahon et al. 2012; Stoskopf 2003). A focal point
of this discourse centers around the lack of interaction
and collaboration between field researchers and vet-
erinarians (Wargo Rub et al. 2014; Cattet 2013). As
ecologists working with wild and hatchery-reared fish
under both laboratory and field settings, we routinely
interact with IACUCs. While we certainly respect the
oversight process and value the important role of
IACUCs in ensuring that animal welfare principles are
upheld (Bayne 1998), we also encounter a number of
challenges and misunderstandings when interacting
with IACUCs regarding field work on fish. These
challenges tend to be common among researchers
irrespective of their institutional affiliation, geo-
graphic location or nationality. The purpose of this
brief document is to raise a number of issues that are
repeatedly encountered by field researchers working
on fish. We suggest that these challenges should be
taken into consideration by IACUCs dealing with
projects that entail the examination of fish in their
natural environment or other field settings. We present
these perspectives as ten practical realities along with
their implications for establishing research protocols.
While we recognize that some of these perspectives
are also relevant to researchers working on fish in
laboratory environments, most of the examples pre-
sented here are specific to field settings.
Ten practical realities
Reality 1: fish are diverse
An important consideration in fish research and animal
care is that fish are by far the most diverse vertebrate
taxon (Helfman et al. 2009). With more than 32,800
species classified (Froese and Pauly 2015), there are
more species of fish than mammals, amphibians,
reptiles and birds combined. Together with this diverse
taxonomy is perhaps an even greater diversity of body
morphology and anatomy, as fish come in all shapes
and sizes with a wide range of body plans and
structural features. Moreover, fish occupy the full
spectrum of aquatic habitats requiring very different
environmental and physiological tolerances in e.g.
marine versus freshwater and in extreme environments
ranging from hot springs to hypersaline water and to
extreme depths in the abyss. Fish demonstrate a
diverse array of behaviours, including elaborate
reproductive strategies such as diadromy and pro-
longed parental care and foraging strategies from filter
feeding to piscivory and even parasitism. As examples,
fishes vary in size from the smallest known vertebrate
(Paedocypris spp., adult total length\10 mm) inhab-
iting acidic peat swamps in Borneo, to the world’s
largest fish, the whale shark (Rhincodon typus, adult
total length[12 m). This diversity in form and habitat
represents a significant research challenge for fish
biologists because it is difficult or impossible to create
generalized standard operating procedures (SOPs) for
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fish capture, handling, tagging, surgeries, and other
routine procedures. These SOPs are important com-
ponents of the animal care system, facilitating the use
of common or repetitive procedures in research.
Although SOPs have the potential to be highly relevant
for facilitating field research, the differences in
morphology, physiology and behaviour among fish
species mean that procedures described in an SOP for
some species are entirely unsuitable for others, even if
they are closely related. Indeed, different life history
stages or reproductive states within the same species
often respond differently to standardized procedures.
Fish also vary in their holding requirements in terms of
aeration, pH, salinity, turbidity and feeding prefer-
ences, responses to anaesthetics, possibilities for
tagging or marking due to differences in body structure
and likelihood of recovering from any experimental
manipulations—although this last point is heavily
mediated by the body condition and physiological
tolerances of individuals. While the usefulness and
value of SOPs in animal research is indisputable in
some instances, including laboratory studies of mam-
malian species that are relatively similar in anatomy
and handling/welfare needs, or to ensure standardized
handling of model fish species like zebrafish (Danio
rerio), they are not so consistently applicable to wild
fish. Thus, a higher degree of flexibility is needed in
written SOPs than is currently permitted under most
animal care protocols (Sikes et al. 2012). SOPs should
be written broadly enough to recognize the generalities
common across species while avoiding specifics like
stating exactly where a tag will be placed that make
current SOPs invalid or only applicable in certain
contexts. Alternatively, a form of SOP could be
developed that provides a multi-course option plan
permitting flexibility between a broader suite of
acceptable options for techniques and procedures to
be used at the discretion of the researcher. This step
would facilitate and standardize many aspects of fish
research and still be accountable through IACUC
permissions and stated procedures for clear-cut fol-
low-up in the project summaries.
Reality 2: scientific collection permit regulations
may conflict with IACUC policies
When working on fish in the field, researchers may be
required to obtain a scientific collection permit from
natural resource management agency(ies), although
this is not necessarily the case in all jurisdictions. Such
permits enable researchers to use various capture gears
that may not be available to the general public, like
electrofishing, as well as to collect fish of species, sizes
or from locations that would otherwise be restricted. A
notable exception to the permitting requirements
exists when collaborating with American Tribes or
Canadian First Nations who, in some cases, are
exempted from oversight from both governmental
and IACUC bodies. Failure to secure the required
permits for projects that do not involve collaborations
with indigenous organizations can lead to various legal
actions including seizure of equipment, fines and even
arrest and imprisonment. The mechanisms by which
animal care protocols are enforced differ greatly from
the law enforcement model used for scientific collec-
tion permits. Animal care committees operate through
their ability to terminate funding and professionally
sanction offenders, usually at the institutional level. In
many cases, approved animal care protocols are at
odds with the legal edict of scientific collection
permits. This is particularly relevant in the context of
using mortality as an endpoint in the field. For
example, if an individual fish appears moribund (e.g.
loses equilibrium, demonstrates erratic swimming
behavior) during the course of a study, the animal
care protocol would typically require that individual to
be euthanized. Although this might be sensible in a
laboratory setting, most scientific collection permits
would require the same fish to be released if the
approved sampling method was described as non-
lethal as a fish that is moribund at the time of release
may yet recover sufficiently to reproduce or serve as
prey to natural predators. This fundamental difference
in philosophy has to do with natural resource agencies
focusing on populations as the unit of management
while IACUCs focus on the welfare of individuals. In
such cases, researchers are legally bound by their
scientific collection permit to release injured fish but
the contradiction of their institutional requirements
may leave them in difficult circumstances. Some
natural resource agencies are beginning to request that
approved animal care protocols be shared when
submitting permit requests, although this remains far
from the norm and often the persons within natural
resource agencies that examine animal care issues are
different from those that actually grant the permits. In
most instances, there is simply an acknowledgement
from both IACUCs and resource management
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agencies that each must, in turn, gain the appropriate
approvals from the opposite governing body. As
summarized by Paul and Sikes (2013), the permit
system for working with wild animals is complex and
does not always parallel the requirements of institu-
tional animal care protocols.
Reality 3: stakeholder credibility and engagement
Unlike laboratory-based research, field research often
involves extensive interactions with members of the
public and various groups of stakeholders. These
entities hold vested interests in the species and
location under study and/or the question(s) being
addressed. For those researching fish in the field,
collaborating with stakeholders is often—if not
always—a necessity. For example, fishers are often
recruited with varying degrees of formality by
researchers to collect data on species of recreational
or commercial interest via online or hard-copy surveys
(e.g. Cooke et al. 2000) or logbooks (Cotter and Pilling
2007). In other cases, anglers are hired or recruited as
volunteers to catch fish on behalf of researchers for
scientific purposes. Donaldson et al. (2012) recruited
anglers to capture fish as part of a catch-and-release
study on sockeye salmon after receiving criticism
from both angling and research communities when fish
had been collected by researchers or where fishing had
been ‘‘simulated’’ (see Cooke et al. 2013a). At times,
researchers are invited aboard commercial fishing
boats (e.g. Raby et al. 2015) or to fishing tournaments
(e.g. Suski et al. 2004) to collect data. In the case of
commercial fishers, their activities generally consist of
harvesting fish and delivering them directly to onboard
holds where they suffocate on ice—a clear departure
from the treatment of animals mandated of researchers
by IACUCs. An accompanying research team would
be poorly received if they were to anaesthetize and
pith every fish that they handled for blood, tissue or
scale samples, thereby rendering the sampled fish of
no commercial value to the fishing crew. Conversely,
large quantities of valuable data on fish stocks
collected during commercial activities may be unus-
able if the treatment and handling of harvested fish
does not comply with IACUC protocols. Collabora-
tions with researchers from other nations may also
result in the incorporation of data obtained through
techniques that may be deemed sub-optimal to indi-
vidual IACUCs.
There are also cultural norms that need to be
acknowledged and respected when conducting
research alongside stakeholders. This is due to the
recognition that not all individuals handling or inter-
acting with fish (to be included in research) will have
formal animal care training. This should not constrain
collaborative research because there are many benefits
of involving stakeholders—including children—with
hands-on science (i.e. citizen science; Silvertown
2009). In Florida, research teams have built programs
that combine public engagement and outreach with
long-term population monitoring of sharks. For exam-
ple, some activities include schoolchildren assessing
the eye reflexes of the sharks while the animals are
being restrained by research staff. This can allow the
collection of data while providing high-level engage-
ment, which builds appreciation for both sharks and
the research being performed on them (N. Hammer-
schlag, University of Miami, Personal Communica-
tion). Understanding and respecting cultural and
societal norms is a reality for stakeholder engagement
when working with wild animals.
Reality 4: more is sometimes better
While every effort is often made to minimize the
number of animals used in field research (typically a
requirement for IACUC protocols), it is nonetheless
sometimes necessary to use higher numbers of animals
in order to achieve management standards or judicially
mandated relevance. For example, in the Columbia
River Basin (CRB) of the Pacific Northwest of the
United States, evaluations of the survival of juvenile
salmonids passing downstream through hydroelectric
dams in the Federal Columbia River Power System are
frequently conducted using active telemetry methods.
Many of the salmon and steelhead populations within
the CRB are listed for protection under the US
Endangered Species Act (ESA). Due to ESA protec-
tion, US federal regulations currently require that
performance standards of 96 and 93 % survival per
dam are met for spring and summer migrating fish,
respectively (Skalski et al. 2014). In addition, these
results must be estimated with a standard error
B1.5 %. To meet such precision requirements virtual
paired-release models are typically used, where fish
implanted with transmitters are released several kilo-
metres upstream of the hydroelectric dam, in the
tailrace, and downstream of the dam. To attain the
126 Rev Fish Biol Fisheries (2016) 26:123–133
123
prescribed low variance within the results of these
models, the sample sizes can exceed hundreds or
thousands of fish per release location depending on
detection probabilities and survival estimates for fish
released upstream and downstream of each dam
(Skalski et al. 2010). Failure to meet the precision
requirements can result in the need to repeat the study,
requiring additional resources (e.g. fish, finances) in a
following year. Therefore, it is imperative that suffi-
cient sample sizes are used in these studies to meet the
regulatory requirements.
Social science surveys conducted in the Fraser
River Basin (see Young et al. 2013) have revealed that
managers often fail to act on data generated by
researchers since the sample sizes tend to be small
(particularly in telemetry studies or physiological
sampling), making it difficult to scale any observed
effects to the population level with the required
certainty. Animal care committees should be aware
that legal and management requirements sometimes
dictate sample size needs. Implicit within this is
recognition that the number of individuals used in a
study may exceed what is suggested by statistical
power analyses focused on ecological or biological
questions to achieve relevance to management strate-
gies or comply with legal requirements.
Reality 5: anaesthesia is not always needed
Anaesthesia serves an important purpose in fisheries
research. The use of anaesthetics enables researchers to
perform invasive or prolonged activities that require
the animal to be immobilized, thereby protecting both
fish and researcher (e.g. Ross and Ross 1999). How-
ever, anaesthesia itself represents a major physiolog-
ical challenge for fish (or, indeed, any animal; Iwama
et al. 1989) and may influence the behaviour of focal
fish after it has regained equilibrium. This can poten-
tially lead to post-release predation, feeding impair-
ments and biased experimental results (e.g. Wargo Rub
et al. 2014).Whenever a fish is captured and handled,
no matter how delicately, the animal will mount a
physiological stress response (Barton and Iwama
1991). There is some indication that anaesthetic
applied to a stressed fish can mute this response
(Iversen et al. 2003) but it is unclear if there is any
benefit from doing so given that the acute stress
response is adaptive for fish exposed to challenging
situations. As researchers begin to work on a growing
diversity of species across the globe, they are presented
with a number of challenges when applying anaesthet-
ics. In the case of large animals like sharks or sturgeon,
the amount of handling needed to get fish into an
appropriate vessel to administer anaesthesia would
require large machinery and brute force in addition to
large quantities of anaesthetics. Cold-water and Arctic
fish can take hours to emerge from even small doses of
anaesthesia due to exceedingly slow temperature-
dependent metabolic rates. It is well-recognized that
pre- and post-operative care is as important to survival
and recovery as the surgical procedure itself. However,
for fish in the field, the ability to provide post-operative
care is limited to the time that the individual fish needs
to recover from anaesthesia. We are not suggesting that
anaesthesia be entirely avoided, as it is essential to
completing invasive and lengthy surgeries; however, it
should not be the default for all procedures. By keeping
fish in well-oxygenated water with ample circulation
that matches ambient conditions, such as in a foam-
lined trough (e.g. Cooke et al. 2005), many fish remain
sufficiently calm to enable minimally invasive proce-
dures such as measurement, phlebotomy, external
tagging and fin clipping. This general method for
external tagging of adult salmon is used routinely in
Scandinavia, where it has repeatedly proved a superior
method to anaesthesia with minimal adverse effects on
the fish (Thorstad et al. 2000, 2003, 2014). When
tagged this way, fish remain vigorous and can be
released immediately without having to deal with
clearance of the anaesthetic and any associated linger-
ing behavioural or cognitive impairments. As we
discuss below, this also eliminates the possibility of
anaesthetics being ingested by organisms—including
humans—consuming released fish. Apart from the
value of anaesthetics in restraining fish for more
lengthy procedures, their utility in shorter procedures is
further diminished by the possibility that fish may not
feel pain (Rose et al. 2014), or at least not in the same
sense as other vertebrates. The use of anaesthesia needs
to be carefully balanced with considerations of the
biology and ecology of a given species and the study
objectives.
Reality 6: prescribe with care
Fish that are used in field studies present unique
considerations for the use of antibiotics and anaes-
thetics. Most fish that are used in field studies are
Rev Fish Biol Fisheries (2016) 26:123–133 127
123
released back into their natural environment following
non-lethal collection of data (e.g. size, tissue samples)
and/or the affixation or implantation of transmitters
for telemetry studies. One consideration is that the
effects of treatment with antibiotics or anaesthetics
are largely unknown for most species of fish, and
administration of such chemicals may impair the
behaviour, survival, and fecundity of sampled indi-
viduals and their offspring (Mulcahy 2011; Berejikian
et al. 2007). These effects may differ within species
depending on the life history stage of individuals and
the environmental conditions they are subject to.
Furthermore, animals in natural environments are at
risk of predation from other animals or humans,
placing any consumers of fish that have been treated
with antibiotics, analgesics or anaesthetics at risk for
exposure to potentially harmful chemicals. In a
hypothetical scenario, it is not difficult to imagine
the media headlines and public outcry if fish that had
been treated with an opiate-based analgesic were
released into the water in an area where they could be
harvested. Regulatory bodies, often linked to health
and food safety such as the Canadian Food Inspection
Agency and the United States Food and Drug
Administration, may impose lengthy withdrawal
periods before fish treated with certain chemicals
can be released back into their natural environment
(Mulcahy 2011). However, most anaesthetics, anal-
gesics and antibiotics have not been studied with
respect to human or food safety and it is consequently
illegal to use them on wild fish in many jurisdictions.
Careful evaluations prior to the use of any chemicals
or drugs on fish in field studies are essential to their
safe usage. Quite simply, the effects of many chemical
treatments on fish and their predators—including
humans—remain poorly understood and require fur-
ther study before they are administered in natural
settings. Similar concerns about human health and
safety have led to the adoption of rubber or plastic
coated PIT tags in studies involving commercially
harvested fish species with the intention of reducing
the chance of injury should a tag accidentally end up
on a dinner plate (McKenzie et al. 2006).
Reality 7: field work is inherently dynamic
An important consideration in fish research is the need
to conduct certain types of studies under field settings
to confer ecological relevance. Often these studies
require a certain level of flexibility from researchers,
because it can be difficult to be certain of the presence
and abundance of a particular species prior to the onset
of fieldwork. Animal care/ethics permissions are often
submitted long in advance of a planned project but
conditions can often vary over much shorter time-
scales. When conducted internationally, these projects
can involve substantive costs to the researcher (travel
and accommodation costs for research team, equip-
ment/boat rentals, necessary collection permits and
licenses, among others) that cannot be recouped if the
study becomes unfeasible. The current standards of
IACUC planning, however, do not provide accept-
able alternatives to deal with unforeseen complica-
tions in animal availability. For example, submission
of generalized IACUC proposals listing several (sim-
ilar) species as potential organisms of interest risk
being perceived as taking a shotgun approach based on
poor or inadequate planning. Often, however, this is
the only way to increase the likelihood of a successful
project outcome when changing conditions require
onsite troubleshooting. By listing several species that
are similar in their needs and are equally relevant to
the research question(s), researchers can still inform
animal care committees of their planned activities but
also ensure that they will be able to achieve their
immediate goals should plans go awry. Conversely,
some sampling methods, particularly passive ones like
netting, may yield substantially higher numbers of fish
than authorized or desired. We advocate that IACUCs
take these factors under advisement and allow
increased flexibility in the planning stages of projects,
which in combination with generalized SOPs and post-
project reviews still provide the necessary levels of
accountability and oversight to ensure animal ethics
concerns and needs are being addressed.
Reality 8: wild fish are wild
In stark contrast to controlled laboratory conditions,
wild fish are constantly faced with ecological uncer-
tainty stemming from a number of sources. Temporal
variability in predation risk (Lima and Bednekoff
1999), intra- and interspecific competition and aggres-
sion (Tilman 1982), direct and indirect interactions
with novel (introduced) species (Lockwood et al.
2013)as well as variation in the physical environment
arising from both natural (climate) and anthropogenic
sources (e.g. water extraction, damming, pollution;
128 Rev Fish Biol Fisheries (2016) 26:123–133
123
Schindler 2001) are all well-documented stressors.
Indeed, along with over-exploitation of commercial
stocks, these factors have been identified as the
greatest threats to the persistence of wild fish popu-
lations (Maceda-Veiga 2013). Fish species in general
typically display the characteristics of r-strategists
(Gadgil and Solbrig 1972) in their production of large
numbers of offspring with low likelihood of individual
survival. In some cases, inter-annual recruitment or
survival may be as low as 1 % (Cunjak and Therrien
1998). While the relative contributions of the different
sources of mortality outlined above remain unknown
or only established in particular systems, the fact
remains that survival is far from certain for wild fish
over any timescale. We are not suggesting that a
cavalier attitude towards field-based sampling should
be adopted; rather, this is an attempt to contextualize
any population-level effects of responsible scientific
research as negligible in comparison to other factors
influencing mortality in most instances.
Reality 9: individuals are different
Sampling wild populations inherently involves mea-
suring variations between individuals. Laboratory
experiments using captive fish, by contrast, often
involve model species obtained from breeding colo-
nies or domesticated strains with individuals being
inherently similar, as they have been selected, bred
and reared for the purpose of experimentation or for
characteristics amenable to aquaculture. These homo-
geneous properties limit the ecological relevance of
experiments involving similar individuals and high-
light the need to conduct field research on wild
individuals representing a range of genotypes and
phenotypes to fully explore ecological systems and
conservation problems (Lawton 1998). At the same
time, intraspecific variation introduces considerable
uncertainty when working with wild fish and quanti-
fying the responses of individuals to experimental
manipulations, as individual differences in behaviour
are often correlated with metabolic demands and
activity levels (Careau et al. 2008). Unpredictable en-
vironmental conditions affect individual physiology at
several different scales; for example, the stress history
of an individual fish can significantly influence its
response to experimental manipulations (O’Connor
et al. 2014). Intraspecific variation also complicates
the establishment of consistent endpoints for
experiments—a key requirement of IACUCs. Because
fish of different behavioural types or repertoires have
different behavioural or physiological trajectories (i.e.
exhaustion and recovery times), benefits of establish-
ing common endpoints for all individuals, particularly
those leading to euthanasia or administration of
anaesthetics, must be carefully considered in individ-
ual contexts.
Reality 10: logistics of fish capture, handling,
and retention
Whereas laboratory experiments usually draw from
established breeding colonies and husbandry protocols
for maintaining available and accessible fish for
experiments (e.g. Lawrence 2007), fish are not often
readily accessible for field research. Conducting
research and experiments on wild fish therefore
requires specialized knowledge of where and when
to capture fish as well as the equipment necessary for
capture including nets, traps, trawls, electricity or
hook-and-line (Hayes et al. 1996). Although there are
benefits and drawbacks associated with each of these
methods, they all inevitably cause some degree of
physiological stress (Pankhurst 2011) and potentially
physical injury. Fortunately, a large body of literature
exists from recreational fisheries and commercial
bycatch data that has the capacity to advance fish
capture and handling practices. Recreational fisheries
research has demonstrated the importance of handling
fish with wet hands, minimizing air exposure, and
restricting sampling activities during periods of
extreme water temperatures(Cooke and Suski 2005;
Arlinghaus et al. 2007).These findings can aid
researchers in collecting fish while minimizing the
physiological disruptions they experience.
Capture and handling protocols that significantly
impact the physical and physiological condition of
wild fish are not useful to the researcher, nor are
they justifiable from an animal care perspective.
After capture, fish destined to be tagged or manip-
ulated in any way must be retained in some type of
holding chamber during the experiment. Alterna-
tively, holding may be necessary for facilitating
recovery from treatment or capture prior to release,
particularly when anaesthetic is administered; in
both cases, holding periods are inherently stressful
(Oldenburg et al. 2011; Portz et al. 2006). Even
when fish are in poor physiological condition due to
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complications arising during capture, handling or
experimental manipulation, discretion is necessary to
determine whether holding is beneficial (Robinson
et al. 2013; Jepsen et al. 2002) and what particular
holding conditions are optimal. Although in situ or
semi-natural pens often represent ideal holding
facilities, externalities including abiotic (e.g. wind,
tide) and biotic (e.g. predation) conditions must be
considered in real-time when selecting the best
housing methods for captured fish.
Synthesis and conclusions
With increasing anthropogenic stressors on wild fish
populations, it is imperative to study and monitor the
impacts of human population growth and activity
levels on a variety of fish species (Stoskopf 2003).
This is particularly relevant to fish given that aquatic
ecosystems are among the most threatened (Jenkins
2003; Ricciardi and Rasmussen 1999) and fish are
among the most imperiled taxa (Richter et al.
1997).Wild fish deliver many important ecosystem
services (Holmlund and Hammer 1999) in addition to
anthropocentric services such as being fished recre-
ationally for leisure (i.e. catch-and-release) or har-
vested for consumption. As such, many stakeholders
relate closely with fish through some level of
consumptive or non-consumptive exploitation (e.g.
Cooke et al. 2013b). Fish have immense cultural and
spiritual value in diverse human communities (Holm-
lund and Hammer 1999) and provide economic
livelihoods and sustenance for some of the most
impoverished peoples on the planet (Brown et al.
2014; Young et al. 2013). Many fish populations are
actively managed by natural resource agencies that
monitor the people, habitats or the fishes themselves.
Maintaining the diverse values that fishes have to
humans, while also maintaining their welfare, is one
amongst many powerful examples of, at times,
competing interests. Nonetheless, it is frequently the
case that what is beneficial for the welfare of
individual fish is also beneficial for fish populations
(Diggles et al. 2011; Arlinghaus et al. 2009) and
connects fish welfare and animal care concerns to
population levels and ecosystem services.
The contemporary research community has an
ever-expanding toolbox for the study of wild fish in
their natural environment. For example, electronic
tags that can be affixed to or implanted in fish (e.g.
Hussey et al. 2015; Cooke et al. 2004) to point-of-care
devices that enable blood physiology analyses to occur
on the river bank (Stoot et al. 2014), mobile ultrasound
units to sex fish (Evans et al. 2004), analyses of scales,
slime or fin tissue to detect isotopic signatures (for
trophic ecology: Church et al. 2008) or ascribe genetic
pedigree (Wasko et al. 2003), or simple assessment of
fish condition via reflex responses (Davis 2010). There
are also a growing number of tools that do not require
the researcher to physically handle the fish such as
hydro-acoustics (Rudstam et al. 2012), underwater
videography (Struthers et al. in press; Mueller et al.
2006), eDNA (Lodge et al. 2012) and the extraction of
cortisol from water samples (Ellis et al. 2004).
Although such tools hold much promise, they will
never entirely replace traditional fish sampling and
handling for monitoring or research. We certainly
advocate for continued innovations related to the
development of non-invasive approaches for studying
wild fish, but recognize at the same time that much can
be gained from lethal sampling (but see Hammer-
schlag and Sulikowski 2011; Heupel and Simpfendor-
fer 2010). These sampling innovations also emphasize
the need for continued engagement with veterinary
professionals and IACUC participants to both refine
these practices and serve to inform future decisions
and procedures on the part of the IACUC committees.
When one reflects on the key points made in this
paper, they nearly all relate to misunderstandings of
the realities of working on fish in the wild. This does
not imply ignorance, but simply different training and
experiences that make it difficult for one to understand
what happens outside of the lab where fish are
captured and not ordered/purchased/reared, where
there are engaged stakeholders, and where there is
immense diversity in size, morphology, behaviour,
life-history and physiological tolerances such that
development of rigid SOPs or extrapolation from one
species (or life-stage, sex, size class, etc.) to another is
difficult. We recognize that underlying these issues is
a need for greater collaboration between IACUC
members (including veterinary professionals) and
field researchers (see Wargo Rub et al. 2014; Harms
and Lewbart 2011). This would provide more rea-
soned, rational and useful guidance to improve or
maintain the welfare status of fishes used in field
research while enabling researchers to pursue funda-
mental and applied questions related to the biology of
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fish in the field. To that end, one should question what
is needed to help IACUCs and veterinarians learn
more about working on wild fish. An obvious potential
solution to this is inviting IACUC members to gain
first-hand experience by joining researchers in the
field. Such visits do not need to be carried out in the
context of additional inspections, but rather, simply
represent an opportunity to learn about and participate
in fieldwork. Such experience may provide for such
personnel an appreciation of the realities of working
on wild fish under natural conditions. Of course, this
may not always be possible, but an alternative
approach would be to visually record field procedures
(e.g. with a video camera) and show them to IACUCs.
General presentations (not on a specific protocol, but
more generally on the challenges and realities of
fieldwork on fish) to IACUCs can also be useful for
providing context. Inclusion of field-oriented
researchers on IACUCs as well as the committees
that create policies and guidelines would also be
extremely helpful in this regard (e.g. AFS Guidelines
for Use of Fish in Research: Jenkins et al. 2014). Such
approaches are much more effective than simply
trying to extrapolate lab-based practices to field
settings (e.g. DeTolla et al. 1995). Ultimately, better
synergy between IACUCs and field-based researchers
during the development of animal care protocols will
improve the utility of protocols from a welfare
perspective while maximizing the relevance of the
protocol to researchers in the field.
We encourage field researchers to share this paper
with their IACUC—indeed, that is the target audience
for this article. Veterinarians and other IACUC
members have much to offer in terms of understanding
and contributing principles of animal health and
welfare. However, there is also a need to recognize
that in practice, not all traditional veterinary principles
translate directly to wild animals and the governing
legal bodies around the world that provide scientific
collection permits for field work on animals.
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